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Results of many ip(2S) hadronic decays and the results of i/>(2S) radiative/hadronic 
transitions from BES collaboration in the past year are presented. Measurement of 
B(J/ip —* K^K^) and the preliminary result of searching for the decay ^(3770) — > pw 
are also reported. 
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1. Introduction 

The Beijing Spectrometer (BES) is a general purpose solenoidal detector running 
at the Beijing Electron-Positron Collider (BEPC) storage ring. BEPC operates in 
the center of mass energy range from 2 to 5 GeV with a luminosity at the ip(2S) 
energy of approximately 1 x 10 31 cm~ 2 s _1 . The numbers/luminosities of ip(2S), J/ip, 
t/>(3770) and the continuum events (y/s = 3.65 GeV) taken with the BES detector, 
are listed in Tabled BES (BESI) is described in detail in Ref.[IJ and the upgraded 
BES detector (BESII) is described in Ref. H 



Table 1. BES statistics in use for analyses 



Detector config. 


BESII 


BESI 


Ecm (GeV) 


3.686 


3.097 


3.773 


3.650 


3.686 


Tot. Num.(millon) 
or IntX(pb _1 ) 


14.0 ±0.6 


57.7 ±2.7 


17.3 ±0.5 


6.42 ±0.24 


3.79 ±0.31 



2. Results of xp(2S) hadronic final state decays 

From perturbative QCD (pQCD), it is expected that both J ftp and ip(2S) decaying 
into light hadrons are dominated by the annihilation of cc into three gluons or one 
virtual photon, with a width proportional to the square of the wave function at the 



5, 2008 8:29 WSPC/INSTRUCTION FILE ws-ijmpa'wz 



2 Zheng Wang 



origin cite. This yields the pQCD "12% rule", 

Qh = #^ = 5^ e+£ ~ « 12%. (1) 

In order to test the above rule, systematic studies of tp(2S) exclusive hadronic decays 
have been carried out at the BES. Table |3 summarizes the results of branching 
fraction measurements for all decays modes of the ip(2S) studied. The table includes 
the data for the corresponding J/ ip decays as well as the ratios of branching fractions 
of the tp(2S) to the J/ip. Some interesting features are found: At BES, a Partial 
Wave Analysis (PWA) is carried out for the ir + ir~ir° final state using the helicity 
amplitude method. tp(2S) — > p(770)~ir is observed. In the itit mass spectrum, a 
high mass enhancement with mass round 2.15 GeV is observed, seen in Figure Q 
Attributing this enhancement to the /o(2150) resonance, the branching fraction is 
measured to be B(ip' -> p(2150)tt -> vr+vr-vr ) = (19.4 ± 2. htf.i) x 10 ~ 5 ; The ratio 
B B{^(2S)-yK * +c c ) = ^-Sl^'J Ir0m BES shows a large isospin violation between 
the charged and neutral modes o{ip(2S) — > if* (892)_K" +c.c. decays; Compared with 
J/-0 -> #s#£^ BES measurement of 6(^(25) -> ^^l) is enhanced relative to 
the "12% rule". More details on these analyses may be found in Refs. 3, and 4 



Table 2. Branching fractions measured for the if>(2S) decays. Results for the cor- 
responding J /if) branching fractions from PDG are also given as well as the ratios 
Q h = B(4>(2S))/B(J/ip). All limits are at 90% confidence level. 



Mode 


Channel 


B(ip{2S)) (xl0~ 5 ) 


&{j/i>) (xio- 4 )El 


Qh (%) 


VP 


pTT 


5.1±0.7±1.1 


127 ±9 


0.40 ±0.11 


K*+K~ + c.c. 


2.9ti;7 ±0.4 


50 ±4 


5Q+ U ^ V 


K*°K° + c.c. 


13.3+2:1 ± L7 


42 ±4 


3.2 ±0.8 




< 0.41 


< 0.068 






3.3 ±1.1 ±0.5 


6.5 ±0.7 


5.1 ± 1.9 




2.8 ±1.5 ±0.6 


3.3 ±0.4 


8.5 ± 5.0 




< 3.2 


15.8 ± 1.6 


< 2.0 


U)Tj' 


3.1^; ±0.7 


1.67 ±0.25 


la -13 




1.87t ;g2 ±0.28 


4.2 ±0.6 


44 +l.8 


PV 


1.78l ;^ ±0.17 


1.93 ± 0.23 


9-2 + 33 


pv' 


1.87+i;^ ±0.33 


1.05 ± 0.18 


I7.8±i5;? 


PP and 
multi-body 

decays 




5.24 ±0.47 ±0.48 


18.2 ± 1.4 3 


28.8 ±3.7 




18.1 ±1.8 ±1.9 


210 ±12 6 


0.86 ±0.13 


ppn u 


13.2 ±1.0 ±1.5 


10.9 ±0.09 


12.1 ± 1.9 


PPV 


5.8 ±1.1 ±0.7 


2.09 ± 0.18 


2.8 ±0.7 




54.5 ±4.2 ±8.7 


40 ±20 


14 ±8 



BES also searchs for the Non-DD decay of ^(3770) — > pn usinga data sample 
of (17.3 ±0.5) yb~ x taken at the center-of-mass energy of 3.773 GeV^. No pir signal 
is observed, and the upper limit of the cross section is measured to be cr(e + e~ — > 
pir) < 6.0 pb at 90% C. L. Considering the interference between the continuum 
amplitude and the -1^(3770) resonance amplitude, the branching fraction of "0(3770) 
decays to pir is determined to be 2?(V>(3770) -> pir) e (6.0 x 10~ 6 , 2.4 x 10~ 3 ) at 
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90% C. L., as shown in Figure^ This is in agreement with the prediction of the S- 
and D-wave mixing scheme of the charmonium states for solving the "p7r puzzle" 
between J/ip and ip(2S) decays 




Fig. 1. Comparison between data (dots 
with error bars) and the final fit (solid his- 
tograms) in V(2S) -* tt+tt-tt PWA. (a) 
two pion invariant mass, with a solid line for 
the p(770)7r, a dashed line for the p(2150)7r, 
and a hatched histogram for background; 
(b) the p polar angle in the i/>(2S) rest 
frame; and (c) and (d) for the polar and 
azimuthal angles of the designated n in p 
helicity frame. 



HI Physical region of \\f"—>pn 




-180 -160 -140 -120 -100 -80 -60 -40 -20 
Phase between Strong and EM decays 

Fig. 2. Restriction on 6(^(3770) -» pn) 
and <j>, the relative phase between i/"(3770) 
strong and electromagnetic decay ampli- 
tudes, from the measurement of p-7r at 
the -0(3770) peak in this experiment. The 
hatched area indicate the physical region at 
90% C. L. 



3. Results of xp(2S) radiative and hadronic transitions 

We report on the analysis of tp(2S) — > ir°J/ip, T]J/ip, and jXci,2 decays based 
on a sample of 14.0 x 10 6 ip(2S) events collected with the BESII detector. Here 
J/ip is reconstructed by e + e~ of Another analysis, based on a sample of 

approximately 4 x 10 6 ip(2S) events obtained with the BESI detector, is used for 
measuring branching fractions for the inclusive decay ip(2S) — » anything J/ip, and 
the exclusive processes for the cases where X — r\ and X — irir, as well as the 
cascade precesses ip{2S) 7XcO/i/2 ~~ * llJ/4 1 - The branching fractions and the 
ratios of the branching fractions are shown in Tables and along with the PDG 
valued Details on these analyses may be found in Refs. 1101 and II II 
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Table 3. Results from tp(2S) -> 77J/V" (BESII data). 



Channel 


7T U J/t/> 




B (%) 
PDG (%)EI 


0.143 ±0.014 ±0.013 
0.096 ± 0.021 


2.98 ±0.09 ±0.23 
3.16 ±0.22 


Channel 


7Xci 7Xc2 


B (%) 
PDG (%)EI 


8.90 ± 0.16 ± 1.05 
8.4 ±0.6 


8.02 ±0.17 ±0.94 
6.4 ±0.6 



Table 4. Branching ratios and branching fractions (BESI data). PDG04-exp re- 
sults are single measurements or averages of measurements, while PDG04-fit are 
results of their global fit to many experimental measurements. The BES re- 
sults in the second half of the table are calculated using the PDG04 value of 

Btttv = 8(V>(2S) -» J/-07T+7T-) = (31.7 ± 1.1)%. 



Case 


This exp. 


PDG04-exp 


PDG04-fit 


^(J/iKanything))/^ 
B{J/iPtt°tt°)/B^ 
B(J/iPri)/B^ 
B(rXci)B( X d 

BhXc2)B( X c2 -> "fJ/ili)/B*« 


1.867 ±0.026 ±0.055 
0.570 ± 0.009 ± 0.026 
0.098 ± 0.005 ± 0.010 
0.126 ±0.003 ±0.038 
0.060 ± 0.000 ± 0.028 


2.016 ±0.150 

0.091 ±0.021 
0.085 ±0.021 
0.039 ±0.012 


1.821 ±0.036 
0.59 ±0.05 
0.100 ±0.008 
0.084 ± 0.006 
0.041 ± 0.003 


B(J/^(anything)) (%) 
B(J/iPn°n°) (%) 

B(J/^n) (%) 

S(7XciMxcl -1^) (96) 

B(7Xc2)B( Xc 2 -► (%) 


59.2 ±0.8 ±2.7 
18.1 ±0.3 ±1.0 

3.11 ±0.17 ±0.31 
4.0 ±0.1 ±1.2 

1.91 ± 0.01 ± 0.86 


55 ±7 

2.9 ±0.5 
2.66 ±0.16 
1.20 ±0.13 


57.6 ±2.0 
18.8 ± 1.2 
3.16 ±0.22 
2.67 ±0.15 
1.30 ±0.08 
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